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Xa this Ijivsstigstloat tbs qussi-vertsx-lsttles tMttod is uasd to 
prsdiet tlM ssrodyosBie ehsrsetsristies of with Issdiiig-odgo vortsx 

sspsrstlm. Mthod Is bsssd on s flow aodsl with frss vortsx sis- 
■rats i^leh srs sUowsd to asrgs into s eoncratrstsd eors. Ths csleulstsd 
prssmrs dlstrllmtion is aors sceursts than that prsdletsd by asthods with 
dlscrsts vortsx fHaasnts slone. In addition, ths c«q>utsr tlra is rsducsd 
spproxiaatsly by half. 


1. Intsodttctloa 

Raetaely* Ilfting-turfac* oMthods have b««n applied to tha calculation 
of wing aarodynaaica with adga vortax aaparation. Two popular oathoda ara 
of tha doublat-panal type (Rafa. 1 and 2) and tha fraa vorticaa (Rafa. 3 and 
4). Tha panel nathod can predict accurate raaulta. However , tha coaputing 
tine involved is lengthy and it has not bean axtai^«^ to treat coB^lax 
gaoiMtrlas, such as wings with strakes and interacting surfaces. On tha 
other hand, it is easier to extend the s»thod of free vortices to cosq>lex 
ge<»etries. However, the predicted pressure distribution is not accurate. 

In addition, the leading-edge Kutta condition is not exactly satisfied 
in the method of Ref. 3. 

In Ref. 4, the quasi-vortex-lattice iMthod was used, together with 
discrete vortex filaaents to model vortex flow effects. The leading-edge 
Kutta condition is exactly satisfied and partial vortex separation is 
allowed. But the predicted distribution is more "diffused" than the 
data show. This is because the effect of a concentrated vortex core In 
the real flow cannot be accurately represented by a number of free vortices. 
The objectives of this investigation are to improve the pressure predic- 
tion of Ref. 4 by introducing a concentrated vortex core and to reduce the 
computer time. 

2. Description of Present Kethod 

For convenience,Mehrotra's method (Ref. 4) will be called vortex- 
filament model and the present method the core i«>del. In the present 
analysis, the basic assumptions are: (1) the wing is represented by a 

bound vortex sheet, across which there exists a pressure difference; 




(2) tlM •«p«rat*d flov Along iMding-^gM io ropraoMtod by foreo-froo 
l«ndli^-«dgn vor^ oloanata nbleb fond vortielty into a coiunaeratod 
eoro. Sur^ tbn itorntlon proeoM, the foUowlim botmdary conditions srs 
iapMsd on both vortn-ftlansnt and corn nodala: (1) TIm wing auxfaca mist 

ba Inparnaablai (2) Kntta eoi^ltiona ara iapoaad aloi^t tlM laadJbig- and 
tralHi^-adgas of tha wing; (3) la tha vortax-flloant nodal, forca-fraa 
condltliA la appllad on tlw laad^ig>adga vortax fllaamits tralllAg 
waka olanantsi (4) In tha eoro nodal, forea-froo condition la applied on 
tha fraa vortax alansnts, concantratad cora mad trailing xaka alonanta. 
nio em^utatlonal procaduras of tha prasant nathod ara aa foUoifs; 

(1) Batabliah tha laadlng^adga vortax fllanane. ayatm -with Mahrotra'a 
owthod la two Itaratlona. 

(2) Find tha cantrold of tha aatabliahad laadii^-adga vortax fllaanat ayatmi 
gota that to calculata tha cantrold of tha laadin^>adga vortax fUanant 
ayaton, a aariaa of eroaa flow planaa ara eonaldarad, procaadlng fron 
tha wing apax toward tha tralling-adga. Tha cantrolda of tha vortax 
fUananta pmiatratlng theaa planaa ara glvan by 






3^ 


( 1 ) 


( 2 ) 


.th 


vtmra y^, ara tha cantrold position in tha J plana, 

^IJ* ‘ij intarsaction position of tha 1 vortax fllanant 


with plana. 


.th 


la tha circulation around the 1 vortax fllanant, 
la tha concantratad llna vortax strangth at tha plana, 
n^ is tha nunbar of vortax fllamants panatrating tha plana. 
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(3) Allow th« iMdii^'-odg* vortox oloMuta Co aorgo aad food vorcleicy 
Into tho eoro through eotmoeciag oogaonto. 

(4) Itt ordor to hovo rooooooblo otortliig ooluclon oo choc coaputor clao 
can bo rodtwod, cho initial s eoordijiatoa of eoncontrotod cora frm 
■top 2 ora aodlflod to taka tho axpariiMntal valuaa auaBorlsad by 
Salth (Raf. 5). 

iy * /•S‘4 t 0. I 

Zy m o.f&hg a 4* 

* O.J3A 4* 0./32 

' whara, 

A s +arn / ( A / Cr) ^ 

A la Cha aapact ratio, Cha root chord, and !■ the nondlaansional 
z-coordlnata of cha eoncantratad core, referring to the local aaaispan. 

(5) During cha Iteration process, cha new locaclons of cha free vorcax 
elaaancs, concancraced core and cralling wake are dacarmlnad by sacis- 
fying cha force free condicion. Note chac Che force free condicion 

Is noc applied on boch cha feeding segmenCs and Che free sheec along 
Che very firsC vorCex scrip. The new locaclons of free vorCex 
elements and the cora along Cha flrsc vorcax scrip are obcalned by 
linear incerpolatlon. 

(6) From Che sCarCing soluClon of Che core model, Che core is forced Co 

move downward and oucward Cwice, Co obcaln Che force gradiencs. In each 

case, relaxaclon paramcers (X , X ) for decerminlng new core coordlnaCes 

7 * 

are assumed empirically as follows (See sCep 9): 


, <4 <1.2. 

, t.2.<A<2.2 (3) 

a $ A. k. 
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( 5 ) 


( 6 ) 


(7) 


( 8 ) 


In Bq. (5)t £F^ is thn total forea acting on tlM cora In the a diraetion 
and IF la tha total forea. In (6), la tha Initially calculatad 
lift eoafflciant and la tha lift coofflciant by auction analogy. 

Nota that X and X ara aaauBMd conatant along tha antlra cora. 

y * 

(7) In tha naxt itaratlon* X„ and X, of aach aagaant of cora arm conputad, 

y * 

baaad on tha diffaranca of aagaant forea In tha praeaadlng two 
Itaratlona. 


“»< • *( 
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and C ara 
*^1 *1 

tha aazM 


z2 


(9) 


( 10 ) 


y2’ 


raapaetlvaly. Tha ph^leal Idea la that tha cora ahould ba oovad In 
tha diraetion of ; raduelng forea oa^altuda. 
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(8) Th« nmr positions of frss vortsx slMMnts in sseh itsrstion srs 
dstsninsd bp tbs following s^ustions* 




i 

Vx 


(iS-Va Jk 

V, 


( 11 ) 


( 12 ) 


whsrs V,, V„, V, srs ths totsl vslocity components ia the respective 

X 7 z 

coordinste directions. The new slopes of esch segment of free vortex 


elesients sre 




eld 






Since Che length of esch segment is conserved, therefore 


« - ^x/insTTcll; 
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It follows, thst 


C^y),^ -C-’tXw- C4^) 

C *x) 
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(13) 


(14) 


(15) 


(16) 


(17) 


(18) 


fbiia, acw poaltloB of froo vMtox alioot «ro foiad u foUovo* 




X* 


il9] 


<2i; 

*< *mkt * Xi +• 

(9) During on^ Itomtim, tlM Joidcomliqr foreo acting on each aagnant of 
the eon is m^und* Lot 


F .7xr -(v*<+v,}+v,*>(n*+fl» + r,*) «« 
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If the nav position of tbs core is such that 7. ■ 0 and 7_ " 0, than 
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Co^ining Eqt. (23), (23) and (24) » (26) yialds tha follovlng aquation 
for tha aagnant: 


( 5 ^): = 


a J. — il- 

\4 x 4 V^xAld * r,;Vi,' 

Than now tlopaa of aagnant of eoneantratad cora ara datarminad by 


F«; 



(27) 

Fyi 

(28) 

r.iV,s 



X/Mw 


C^)»«au “ ^ ^ ‘^*^**‘» ^ 


Coablning Eqt# (27) through (30) raaults in 


(29) 


(30) 



V^ax /»*•»< ^ 

-X Jk- 

(31) 


/.Id y r,iV»i 


\ j. 

UxAm + ^X /7.\4r* 

(32) 

1 

f 



i: 

Sinea tha aagnant 

langth la eonaarvad. It follows that 


r 

^5 «-4x^ 

'<+ c^)‘+ (^; 

(33) 


'■“^■TT^Tg&TSL 

(34) 

BmM* 


Cf^watrf * * C 

(35) 


(34) 

T^* tha now poaitiOM of concMtratad eora ara 

fotad aa foXXom* 

* X^ + 

(37) 

y<»w « /{ t 

(38) 


(10) TIm MW posleioM fo tr«llliii wsk« In Mcb Itwtntlott ar« datatnlnM 
la tha §am nuiMr at daaeribad in Raf. 4. 

Veta that tha aagMttt l«tgth it praaarr^ aloi^ tlM fraa tortax 
ahaat, eoMantratad eora and trailii^ mkit. In addition* tM 
affact of tha tMondarj vorticaa haa net hMa iaeludad in tha praoMt 
aaalpaia. 

3. Ihmarieal laaultB 

To riww tha inpgowanant* thota eaaaa ahown la laf. 4 wara ro-ealeiilat^ 
and ee^ar^ in Piforaa X throi^ 12. Tha follow^ ^aarwationa can ha 

■ada: 

(1) For tha owar-all aarodynaaie eharaetariatlea (Fifaraa 1 throng 5)» tha 


raauXta fron both nathodt art alnilar* neapt that tha praaant raanlta 
ara alightlp aora aceurata at hi|)i anflaa of attack. 
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(2) Tbmtm art tifaifiauit UprevMMta 1 a ete pradietad dC dUcrlbaCiMt 

F 

in particttlct, at aodarata to hi^ Mglaa of attack. Difficulty axiata 
at lev «iflaa of attMk* bacauaa fraa ^rartax aliaata fro* N^rotra*a 
aodal ara ralativaly flat aad tka iaitial eoafiturationa la tba praaMt 
aodal ara aora difficult to datotaiaa. 

Xa aoat eaaas» flaal raailta cm ba ^taiaad t^th two Itaratloaa ia 
IMootra'a ao^l aad thrM Itaratioas in tha praarat aodal. Tha coaputar ticN la 
approx^taly raduead by half aa eoi^rad dith Raf . 4. 
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